NEBULAE AND
STAR CYCLES

For descriptions and background
information, see sections 6 & 7.
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TYPES OF NEBULAE
emission nearby hot stars energize and ionize

nebula gassAMELE(Rosette Nebula)

reflection clouds of dust and gas that reflect nearby

nebula (@NEEY Iﬁ@_l'l:lzead Nebula)

dark nebula dust and gas blocking light from beyond

BREVIERA
planetary glowing gases shed by a late stage star

nebula G 1 NRN KEFEE-E R S. confcocoon)

supernova |supernova blast ionizes gases that emit
nebula light (Crab Nebula)
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The Rosette Nebula In Hydrogen, Oxygen, and Sulfur




The Witch Head Nebula

Credit: Gary Stevens
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Molecular Cloud Barnard 68

Credit: FORS Team, ESO
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The Dark Horsehead Nebula
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NGC 2440: Cocoon of a New White Dwarf
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The Crab Nebula frbm VLT "

Credit: FORS Team, ESO




Size of star

Birth

Middle Age

Later changes

Death

small

500 billion years

clouds of gas, dust
heat & pressure

medium_ (Sun)

10 billion years

clouds of gas, dust
heat & pressure
nuclear reactions

enlarges

core collapses

black dwarf

spoonful=1 ton

- reacnoSAthP

starts brightly

shrinks

tE

swells to red giant
sheds outer layers;
becomes white dwarf

black dwarf

spoonful=10 tons

large

5 million years

nuclear ré&actions

clouds NveEqV
heat & [§e -

blue giant

ells erghnt)
EOR

sheds outer layer

neutron star, pulsar,
or black hole
spoonful=billion tons

Small star

Medium star

Large star
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Source: Imagine.gsfc.nasa




6. NEBULAE

A nebula is a cloud of gas and dust that glows, refleogtlior blocks light from behind
Astronomers have identified five types of nebulaler@l for a single nebula). The first two arefasfe
clouds near forming or recently formed stars. Tiel is similar in makesp to the first two, but
different in its location. The last two occur dwgithe later stages of a star’s life.

Emission ne_‘'laeare clc uds of h ji tem e atL 2 gas 5. \Nearbyy nina stars give off heat ¢
ultraviolet radiatior, anc *hi= aer¢ y ¢ es imé& auun of the nebula’ atoms. Fitke electrons a
“excited” an escar 2 f ym the huc 2us 'y a igh gy level; ater thef Il back into their customa
locations. In doing so, they give off light energgpectral emissions, thight given off, vary with th
electron’s orbitals. As emissions of hydrogen @afra specific wavelength, red light is emitte¢The
color depends upon which gas is predominamtd, hydrogen or neon; green, oxygen; blue, hebt
sulfur.) The Rosette Nebula shows examples of ®ams from hydrogen, oxygen, and sulfur.
presence of some dust lanes can provide some dirghlights.

cefler..cinebul ~are chud  of dus d gas' chat do not . Co.cheirCuntaht; i S reflec
ligh' The s s o.mingc ne¢ by do no. qiv. afbagh heat r ultravic :t radiat »n ) excite tlase
as | i the cas w h e i< sior nebulae. ' e new digint, hc .., ic eflected d @ -cil <d by t
part. les of * .e r bula.. "he scattering t oicadigults in a t ue color, :imilar ', th  sunl_hsgiac
througi vur atmospheic. e witch mead Nebuleeces the light 1o the sar Rigei in
canstellation Orion.

Dark nebulae neither emit nor reflect light; instead they bldight from beyond. They too have d
and gas, but this time the particles screen oulighé from stars and nebulae that are behind trk
nebulae, as viewed from Earth. “Molecular cloudstl thedark silhouette of the Horsehead Nel
show this.nheneanan,

Plani aary nebu e ar. not elated to g ar :ts. ' 'he wengsnan ¢ by 2 rly as -onomers \
ident ied their 1.zzy in.,ge_ = linets. ' heyia_tea_ ' jowin, of ge_2s she 1 off in thetlat
stages of the life of a red giant star. After matithe hydrogen has been “burn¢ J off,” these
collapse. Helium burning leaves a core of cartginia a dense sphere roughly the size of the t
The resulting hot white dwarf star gives offoeigh heat to ionize the hydrogen and oxygen gasd
had been expelled.Tle bottom left image on the transparency showdighe given off by the gas
surrounding a new white dwarf.)» Somatimes pulspéixpulsions lead to concentric rings seeruirts
recilaeas The Ring'cr Cat’s Ey 2

Supernova nebulaeappear in the late stages of a more massive $ifer'sThe star can collapse u
its own pressure creates an explosion. The supefasts its outer layers into space. The bloff
gases i ionized by the shock wave and continuing ragifati The ionization again causes firs
excitation of electrons and then a release of legigrgy. The Crab Nebula, one of these supe
remnants, gave off so much energy that it was Ieisibiring daylight hours for three weeks in 1054.



7. THE LIFE CYCLE OF STARS

Stars are bornwhen a large “cloud” of gas and dust, a nebuldrasvn inward due to the gravitational for
between its molecules. This convergence causqsattieles to bump into each other so often anfbsfully
that the temperature and pressure rises to higislet the center. At 15 million degrees, eledrare strippe
from their nuclei. The nuclei are so energized tiey stick together overcoming their typical élie
repulsion. This is nuclear dion. Huge amounts of energy are given off whea lwdrogen atoms fuse
form a helium ate~>.. This enorgy em~nates out file~2r2.and non reachin tha surface is thetiegirou
as electromag etic rediatior ' “he st | shine‘: 2 = of thi sti shine de¢ yends upon the temyerafhe
hotter stars are ':2: the cc sler we rc 1. (B’ lar ) aflar .e ¢ ove a ce =) The coEmperature, ar
size of the newly forn »d ¢ = "'=" =tel nir. \d Jyi @I 1t of matte that mac 2 up the origingbula (cloud ¢
gas and dust). - All = .rs’ segin s qili ly, it th fer Jevelopme 't takes = néthree directions, depend
upon their mass.

A low mass starhas a mass less than half of our Sun’s. Withreasss, it is cooler and tends to be oraneg,
or even brown. Ironically the hydrogen it has@asumed very slowly; fusion can last 10 billion rgeaWhel
the outward pressure caused by hydr-burning (fusion) lessens, the core starts to pea Theresulting
pressure causes helium atoms to fuse togetfikis again releases heat from a condensed @siebecomes
white dwarf. Later the available helium will beedsup, and it ends its life as a small, cool, daaick dwarf.

.me .um me S S a’s sin lar > our Sui . Tk : hydrogenrhi g stage i actuall; qui ker, ar ' when
1ydrc jen is de let d, e ( utw rd forces L crethéyusion b' ~omiess han the ¢ av ation2! orces.
vith { e low m: 5s ¢ ars, hd res lting collaps Jsienough heat ¢ 1d presst e to fuse 1el imsa “his agai
reate. °n ot war( press 2, ¢ d the star ¢ velisdmme a red jiant. (At otroiting ne Sui sle 45
L llion years from now, it is expected to engulf idary, Venus, and the Earth.) The hot, dense ttw®e ha
enough heat and pressure to fuse the helium imbmoa Carbon is stable. $wen under the heat and pres
of the matter in a medium mass star, fusion stdpee outer layer is shed in a planetary nelofilgas and du
The remaining 20% of the original mass caansl shrinks to a dense white dwarf, roughly the sizthe Eartt
It continues to radiate heat over the next billi@ars until the fuel supply is gone. It endsiiis &s a blac
dwarf cold and incapable of radiating heat.

A mas~i o ofartypina!iatns a mantar e*han fivetim=s th~* =%~ Sutoolts “born” “rt m gas and dust
stellar urseriv 5. = too go stt ough hydr gex-lz .lun jurr ng stages Itsi ¢ eas¢ | mcss, howeverts
in eno ah he t a d nrec ure ot pov. >r ni' k@ ms ~~tooaduc i noath 2 cor and oxygen

nitroge | around it Fus, n cee ses with iron =s¢ ieatel stal lity would rc 1 re 1 u dditior al energy for
to fuse into heavi r elen. nts -Tha core th . wuode a ri ~id ~r~vitatic - al co * pse.he iron atoms a
crushed to the point that the repulsive forces betwtheir nuclei cause an explosio® supernova.
tremendous amount of energy is released, creatimgliant light. The energy also heats mattettie oute
layer which now fuses new, heavier elements. Theefof the explosion propels matter off into spathee
material of future stars, planets, and moons. Mbidla the compression of electrons forced inwarda@
their nuclei causes them to combine with protonfotm additioral neutrons. The even dens&utron ste
nacks more mass than the Sun has into (( te 1-naifeeder snhere . Some neutron stars are nutwaps!satin:
stars. These erdi2/sasspin 4o raidly fingreoncs)hetthe rkietic nergyis t 2o s“md x4 ays € 1
Jaxraarays. Thece radiciors 2xi. at hermagnatic poldiholne siart reseivingsohrapicly, the
emanating from the poles is seen to come in flasbrgsulses, when viewed from afar. The most massiar
become black holesThe gravitational attraction between the trenaeisctamount of matter is so strong tha
core now collapses into an extremely dense, snadlll It is so dense in fact that nothing can esdtpgravity
not even light. Since no radiation from withthe black hole escapes, black holes cannot ba. s&hei
presence can only be dedudeaim their ability to block and capture light, atttkir effects on the orbits a
motion of stars and even galax



